1. Introduction {#s0005}
===============

The novel coronavirus 2019 (COVID-19) pandemic has disrupted graduate medical education (GME) globally. Neurosurgical resident education has been particularly impacted, with many centers reporting significant decreases in surgical case volumes, alterations in call schedules, and redeployment of resident staffing to non-neurosurgical units [@b0005], [@b0010], [@b0015]. In addition to the mental and emotional distress it has inflicted upon healthcare workers [@b0020], [@b0025], the COVID-19 pandemic may also contribute to resident burnout, which has been previously been reported to occur at high levels among neurosurgical residents [@b0030], [@b0035], [@b0040], [@b0045].

Burnout has been defined as a syndrome of emotional exhaustion and cynicism experienced in individuals who must sacrifice emotional resources as part of their work [@b0050]. Previous studies have linked burnout in healthcare workers to increased medical errors, substance abuse, and suicide [@b0055], [@b0060], [@b0065], [@b0070]. Because of the immense stresses the pandemic has placed upon neurosurgical residents and the significant changes COVID-19 has imposed on resident education, it is important to evaluate how the burnout rate among neurosurgical residents has changed during this unique time. This study aims to evaluate the prevalence of burnout among neurosurgical residents related to the COVID-19 pandemic and identify risk factors that may place residents at higher risk for burnout.

2. Methods {#s0010}
==========

2.1. Study population {#s0015}
---------------------

An anonymous electronic survey assessing burnout and career satisfaction among neurosurgery residents was created using the Qualtrics online platform (Qualtrics, Provo, UT). In May 2020, a cover letter describing the study and containing a hyperlink to the survey was emailed to all current resident members of the American Association of Neurological Surgeons (AANS) on behalf of the AANS Young Neurosurgeons Committee. Resident neurosurgeons were encouraged to complete the survey within 2 weeks of receiving the link, and a follow-up email was sent after 1 week to improve response rate. Data collection was ceased 2 weeks after the initial recruitment email was distributed. This study was exempt from institutional review board approval due to a lack of identifiable participant information. The survey was piloted with 4 independent faculty neurosurgeons (D.D., W.S., J.J., D.M.) to ensure content validity prior to distribution.

2.2. Survey design {#s0020}
------------------

The survey consisted of 26 questions regarding demographics, personal and professional stressors related to COVID-19, career satisfaction, and burnout (see Supplemental Content 1). Questions assessed changes in various aspects of residents' lives as a result of the pandemic, including workload and uncertainty regarding future earnings. An optional write-in question allowed respondents to state what they found to be the most challenging aspect of their role in the pandemic response.

The effect of COVID-19 on residents' work hours, achievement of surgical milestones, uncertainty regarding future earnings and healthcare reform, personal life, and professional life were scored along a 5-point Likert scale. Responses were collapsed into three categories (e.g. "improved," "no change," "worsened") for the purposes of statistical interpretation. Impact of COVID-19 on residents' ability to meet ACGME operative case minimums was scored along a 3-point Likert scale ("improved," "no change," "worsened"). Responses regarding alterations in elective rotation or vacation schedules due to COVID-19, whether respondents had cared for a patient with or under investigation for COVID-19, whether respondents' colleagues had contracted COVID-19, and whether respondents would pursue neurosurgery again if given the choice were converted to dichotomous outcomes ("yes" or "no").

Burnout was assessed using the abbreviated Maslach Burnout Inventory (aMBI) [@b0075], [@b0080], a previously-validated 9-item questionnaire which assess three indices related to burnout: emotional exhaustion (EE; 3 questions), depersonalization (DP; 3 questions), and personal accomplishment (PA; 3 questions). Each question was scored on a 7-point Likert scale, and the total score for each aMBI index was categorized as low (0--6 points), intermediate (7--12 points), or high (13--18 points). Burnout was defined as a high score in either EE or DP as consistent with previous studies reporting physician burnout [@b0040], [@b0085], [@b0090]. Residents were classified as being satisfied with their career if they selected "Every day" or "A few times a week" in response to Question 6 of the aMBI ("I feel I'm positively influencing other people's lives through my work").

2.3. Statistical analysis {#s0025}
-------------------------

Resident demographics and information assessing various stressors related to COVID-19 was summarized using standard descriptive statistics. Descriptive statistics were used to categorize the proportion of residents receiving low, intermediate, and high scores for each of the 3 aMBI indices (EE, DP, PA) and to assess the proportion of residents that reached aforementioned thresholds for burnout and career satisfaction. Average scores for each aMBI index were reported as mean ± standard deviation (SD).

Bivariate analysis using chi-squared and Fisher's exact tests was performed to identify factors associated with burnout and career satisfaction. All factors with a p-value ≤ 0.10 in bivariate analysis were placed in a multivariate binary logistic regression analysis using a forward stepwise approach to investigate predictors of burnout and career satisfaction. The regression models generated in multivariate analysis were internally validated using bias-corrected bootstrapping with 1000 samples, and model performance was assessed by measuring the area under the receiver operating characteristic (ROC) curve (AUC) for each model. P-values ≤ 0.05 were considered statistically significant. All data analysis was conducted using IBM SPSS Statistics software (Version 25.0; IBM Corp., Armonk, NY).

3. Results {#s0030}
==========

Of the 1,374 resident neurosurgeons invited to complete the survey, 225 neurosurgeons accessed the survey link and 167 survey responses were received. The overall response rate was 12.2% among all AANS resident neurosurgeons and 74.2% among those who viewed the survey. Notably, this rate is comparable to that of a similar survey of resident neurosurgeons conducted amid the COVID-19 pandemic [@b0095]. 56 incomplete responses were excluded, yielding 111 complete responses to be included in the final analysis. The majority who responded were male (65.8%), White (75.7%), age 30--40 (74.8%), in a stable relationship (82.9%), and between post-graduate year (PGY) 3 and PGY-6 (63.9%). A summary of respondent demographic data and training program characteristics can be found in [Table 1](#t0005){ref-type="table"} , and a heat map visualization of respondents by U.S. state has been also been provided (see Supplemental Content 2).Table 1Demographic Information and Training Program Characteristics of Neurosurgery Residents (N = 111).CharacteristicNo. (%)Age\<3028 (25.2)30--4083 (74.8)GenderMale73 (65.8)Female37 (33.3)Other1 (0.9)RaceWhite84 (75.7)Asian16 (14.4)Black or African American4 (3.6)American Indian or Alaska Native2 (1.8)Other5 (4.5)EthnicityNot of Hispanic, Latino, or Spanish Origin98 (88.3)Hispanic, Latino, or Spanish Origin13 (11.7)Relationship StatusStable Partner92 (82.9)Single19 (17.1)Have ChildrenYes36 (32.4)No75 (67.6)RegionNortheast24 (21.6)Northwest38 (34.2)Southeast28 (25.2)Southwest21 (18.9)Post-graduate Year115 (13.5)27 (6.3)319 (17.1)412 (10.8)517 (15.3)623 (20.7)717 (15.3)\>71 (0.9)Average Number of Residents in Training Program120 (18.0)255 (49.5)330 (27.0)46 (5.4)

Among surveyed residents, the majority indicated that they had personally cared for a patient under investigation (PUI) for COVID-19 (91.9%). A large proportion also expressed uncertainty about future healthcare reform (79.3%) and earnings (45.9%) due to the pandemic. Most residents reported experiencing fewer weekly work hours (74.8%), decreased ability to meet ACGME operative case minimums (67.6%), and alteration of their elective rotation/vacation schedules (66.7%), and expressed concern that COVID-19 would hinder their achievement of surgical milestones (65.8%). Since the rise of COVID-19, the majority of residents surveyed spent increased time participating in remote didactic lectures held by their training program or national organizations (e.g. AANS, CNS) (82.0%) and increased time working on clinical research studies (66.7%). A notable proportion also spent increased time interacting with family members (45.0%). These and other specific responses related to COVID-19 have been summarized in [Table 2](#t0010){ref-type="table"} .Table 2Neurosurgery residents' perceptions and stressors related to Coronavirus disease 2019.PerceptionN (%)Personally cared for a patient under investigation (PUI) for COVID-19102 (91.9)Uncertain about future changes in healthcare due to COVID-1988 (79.3)Decreased weekly work hours due to COVID-1983 (74.8)Decreased ability to meet ACGME operative case minimums due to COVID-1975 (67.6)Altered elective rotation or vacation schedules due to COVID-1974 (66.7)Concerned that COVID-19 may affect achievement of technical or operative milestones73 (65.8)Disagree that professional life will improve due to COVID-1969 (62.2)Personally cared for patient with COVID-1960 (54.1)Uncertain about future earnings due to COVID-1951 (45.9)Disagree that personal life will improve due to COVID-1947 (42.3)Colleague in training program contracted COVID-1927 (24.3)Redeployed to a COVID-related neurosurgery service17 (15.3)Would not pursue neurosurgery again16 (14.4)Since rise of COVID-19, spent increased time:Participating in remote didactic lectures91 (82.0)Working on clinical research studies74 (66.7)Interacting with my family members50 (45.0)Partaking in board preparation35 (31.5)Conducting non-neurosurgical medical care28 (25.2)Engaging with other residents or faculty18 (16.2)Conducting neurosurgical medical care11 (9.9)In the cadaver/anatomy lab4 (3.6)None of the above4 (3.6)[^1]

3.1. Burnout and career satisfaction among resident neurosurgeons {#s0035}
-----------------------------------------------------------------

The overall burnout rate among neurosurgery residents was 26.1%, whereas the overall rate of career satisfaction was 73.9% ([Table 3](#t0015){ref-type="table"} ). The majority of respondents reported low levels of emotional exhaustion (51.4%), low levels of depersonalization (67.6%), and high levels of personal accomplishment (78.4%).Table 3Burnout and career satisfaction indices among 111 neurosurgery residents.Burnout IndexScore (Mean ± SD)N (%)Burnout7.86 ± 5.1829 (26.1)Emotional ExhaustionLow score (0--6)57 (51.4)Intermediate score (7--12)28 (25.2)High score (13--18)26 (23.4)Depersonalization5.22 ± 4.65Low score (0--6)75 (67.6)Intermediate score (7--12)27 (24.3)High score (13--18)9 (8.1)**Career Satisfaction IndexScore (Mean ± SD)N (%)**Career Satisfaction14.62 ± 3.0782 (73.9)Personal AccomplishmentLow score (0--6)1 (0.9)Intermediate score (7--12)23 (20.7)High score (13--18)87 (78.4)[^2]

In multivariate analysis, burnout was significantly associated with alterations in elective rotation or vacation schedules due to COVID-19 (p = .013) and the decision to not pursue neurosurgery again if given the choice (p \< .001). PGY was negatively associated with burnout such that with every 1-year increase in PGY level, there was a 33.2% reduction in burnout rate (p = .011). 93.1% of respondents who indicated that COVID-19 had not affected their professional life screened positive for career satisfaction (p = .020). Neurosurgery residents displayed greater career satisfaction when focusing their clinical work on neurosurgical patient care (p = .065); however, this association was not significant. The results of the multivariate analysis are provided in [Table 4](#t0020){ref-type="table"} .Table 4Multivariate Binary Logistic Regression Analysis of Burnout and Career Satisfaction in 111 Neurosurgery Residents.CharacteristicFactorp-valueBootstrap p-valueIncreased Burnout\*Would not choose to pursue neurosurgery again\<0.0010.001Lower PGY0.0110.001Altered elective rotation or vacation schedules due to COVID-190.0130.016Increased Career Satisfaction\*\*No change in professional life as a result of COVID-19 pandemic0.0200.009Did not personally care for a patient with COVID-19^a^0.0650.079[^3][^4][^5][^6]

An optional, open-ended survey question allowed residents to describe aspects of their role they found to be most challenging during the pandemic. This question received 32 total responses. Common themes included difficulty treating patients effectively while navigating changing hospital policies regarding the pandemic (18.8%), inconsistency in daily routines (18.8%), the challenge of improving or maintaining one's surgical skills in light of decreased operative time (18.8%), fear of spreading COVID-19 to family members (9.4%), and feelings of underutilization (9.4%). Despite these challenges, one resident commented that the ability to continue research and connect with medical students during this time was appreciated, while another stated that "it is still one of the best jobs to be a neurosurgeon in the United States" in spite of the epidemic.

4. Discussion {#s0040}
=============

In this study of burnout among neurosurgery residents during the COVID-19 pandemic, we measured a burnout rate of 26.1%, a career satisfaction rate of 73.9%, and discovered that the majority of surveyed residents reported fewer work hours, decreased ability to meet ACGME case minimums, uncertainty about healthcare reform, and concern that COVID-19 may affect achievement of surgical milestones. Our optimal model predicting burnout among residents includes the alteration of residents' elective rotation/vacation schedules, residents' post-graduate year, and residents' decision regarding whether to pursue neurosurgery residency again if given the choice. The full impact of the pandemic has yet to be realized, but it will be important to evaluate these stressors and their impact on neurosurgical resident wellness and burnout.

Neurosurgery residency is among the most rigorous of medical training programs, and previous studies have evaluated the prevalence of burnout within this unique training environment [@b0100]. Attenello et al. discovered that 67% of neurosurgery residents experienced burnout, whereas Shakir et al. discovered a lower burnout rate of 37% [@b0035], [@b0040]. Attenello et al. utilized the 22-question Maslach Burnout Inventory, whereas Shakir et al. used the 9-question aMBI, potentially explaining the differing rates of burnout recorded in these studies [@b0035], [@b0040]. We measured a lower rate of burnout using the aMBI than previously reported in the neurosurgical literature. This may be indicative of a high level of resilience among neurosurgery residents during times of increased stress [@b0045].

The factors we discovered related to resident stress and burnout have been corroborated by reports published by neurosurgical residency programs nationwide. Due to COVID-19, many programs temporarily halted elective cases in order to conserve equipment and maintain social distancing guidelines [@b0105], [@b0110], [@b0115]. Residents also experienced significant changes in scheduling, with some programs allowing only the minimum number of trainees required for patient care to enter the hospital in order to reduce exposure to COVID-19 [@b0120], [@b0125]. Other centers have also furloughed ancillary staff, limited participation in operative cases to only one resident, and minimized daily inpatient rounds to include only necessary personnel [@b0115], [@b0130]. A recent survey of neurosurgical program directors matches our findings, with 65% of program directors reporting a reduction in resident work hours and 95% reporting a decrease in inpatient census. Notably, despite these decreases in volume, the majority of program directors were not concerned that their graduating or incoming chief residents would fail to meet ACGME case minimums [@b0130]. It will be important to reconcile residents' concerns regarding possible inability to achieve operative case minimums or reach operative milestones with the relatively lower level of concern from program directors; if low operative volumes continue through a prolonged pandemic, it may be necessary to employ surgical simulation and other virtual modalities of teaching operative skills. Despite decreases in overall operative time, nearly all residency programs have begun to conduct grand rounds and minor conferences using teleconferencing, with many reporting increased attendance by residents and faculty compared to before the pandemic [@b0130], [@b0135]. This is consistent with our findings that residents have spent more time participating in virtual didactic lectures.

We can use our model predicting burnout, combined with other factors previously associated with burnout, to identify those residents who may be at particular risk during the pandemic. Our finding that residents earlier in their training are at higher risk for burnout is consistent with the literature, with some reports identifying PGY-2 as the most vulnerable stage of training [@b0030]. In particular, one study discovered an attrition rate of 11% among neurosurgical residents, with attrition more likely occurring among junior residents (PGY-1 or PGY-2) [@b0140]. Notably, PGY-2s in our survey had the lowest response rate of any PGY (6.3%), which may be reflective of a lack of time among PGY-2 neurosurgery residents to complete the survey. This relative dearth of responses from PGY-2s may have led to an under-reporting of burnout within this cohort. In addition, our finding that residents who focused their clinical work on patient care within their specialty reported greater career satisfaction is corroborated by recent literature demonstrating that resident redeployment was associated with greater anxiety at work [@b0145]. As residents nationwide have faced both increased stress and decreased operative exposure during the pandemic, it will likely be essential to increase mentorship of both junior and redeployed residents. Despite a moderate burnout rate among neurosurgical trainees, we also report an overall career satisfaction rate of 73.9%. McAbee et al. previously described a similar paradoxical relationship between burnout and career satisfaction among attending neurosurgeons and posited that burnout may occur episodically during periods of stress throughout one's career, whereas career satisfaction is more resistant to these periods [@b0150].

In a study of neurosurgery program directors during the pandemic, 37% of programs reported providing additional benefits to their residents since the onset of the pandemic, including wellness initiatives, hotel vouchers, and childcare support [@b0130]. One center began holding daily video conferences to ensure the general well-being of all residents and attendings and encourage utilization of mental health support during the pandemic [@b0155]. Prior to the pandemic, several models of resident wellness have been studied, including workout sessions, team-building exercises, and mindfulness-based initiatives [@b0030], [@b0160]. Resilience coaching has also shown to be effective in improving resilience and decreasing burnout among surgical interns [@b0165]. Though it may be difficult to implement these types of initiatives while also maintaining social distancing, communication-based wellness initiatives may still be translatable to a virtual environment during the pandemic.

Our study has several limitations. We reported a response rate of 12%, which is lower than previous studies; this relatively low response rate may have underpowered our study. However, this response rate is similar to that reported in a recently-published study surveying neurosurgery residents during the COVID-19 pandemic [@b0095]. Secondarily, our study may also suffer from selection bias, as only those residents with increased spare time during the pandemic may have responded to our online survey, potentially leading to under-reporting of burnout due to a failure to capture residents with less spare time. Future studies should evaluate the impact of wellness initiatives implemented during the COVID-19 pandemic and their effect on resident burnout. Studies should also evaluate the impact of the pandemic on the achievement of resident education milestones, such as surgical case volumes and achievement of operative skills.

5. Conclusion {#s0045}
=============

Changes related to the COVID-19 pandemic have led to an unprecedented impact on neurosurgical resident education and may contribute to resident burnout. Residents are particularly concerned about the achievement of surgical milestones, as well as the future uncertainty the pandemic has brought to neurosurgical practice. Residents who are more likely to experience burnout include those who are earlier in their training, those who would elect to not pursue neurosurgery again, and those who have experienced altered rotation/vacation scheduling. As we continue to treat patients in the COVID era and beyond, it will be essential to ensure that resident wellbeing is an ongoing priority.
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[^1]: ^a^Abbreviations: COVID-19 (Coronavirus Disease 2019); PUI (patient under investigation); ACGME (American Council for Graduate Medical Education).

[^2]: ^a^Abbreviations: SD (standard deviation).

[^3]: \*The AUC = 0.899 (95% CI 0.833-0.966). All significant predictors of burnout maintained statistical significance after bias-corrected bootstrapping with 1000 samples.

[^4]: \*\*The AUC = 0.800 (95% CI 0.710-0.890). All significant predictors of career satisfaction maintained statistical significance after bias-corrected bootstrapping with 1000 samples.

[^5]: ^a^Approached but did not reach significance.

[^6]: ^b^Abbreviations: COVID-19 (Coronavirus disease 2019); AUC (area under the Receiver Operating Characteristic curve); CI (confidence interval); COVID-19 (Coronavirus disease 2019); PGY (post-graduate year).
